
ras reported and Table XI  the total number of days on which 
auroras occurred. The annual gum total given in Table X 

: ! !  j Fcel. I , .  
Abilene Tex  .......... 1,749 1: ....I ........... 'z.06'%01 r.pl:1.~11.90!1.&1.83'1.80'1.76'1.7 
Albany,'N. Y. ......... 85 ...... I I  . I I  .IO .IO . IO' . IO . IO! .og .q' .q .og .o 
Alpena,Mich.. ...... 6 q  .78 .77' .75' .73 .7ai .70 .6g .68 .66 .651 .@, .63 .6 
Amarillo. 'I'ex. ..... .: 3,691 4.38, 4.30 4.22:4.14'4.06 3.99,3.921385'3.79,3.72 3.66'3.60'3.5 
Atlanta, Ga .......... I I ,  131 ................. . , I . M  1.31,1.zg.1.26 1.2411.22 I. 19 I. 17 I. 15'1. I 

, I , ,  , ! . I  I , .  

which divisors are the same as those for thunderstorms; the 
quotients or relative frequency of auroras per station are 

Atlantic City, N. J . .  .I .os! .os, .os1 .os. .os' .05 .os . cg: .os .os .o  
Au ustn Gn.. ....... 180 I ..... I.. ......... .a? . Z I ,  .z11 .ai .aoi .zoI .1g1 . ~ g  .ig . I' 
B a h  City Oreg .... I 3,430 ...... 3.97 3.90,3.833.76i3.703.643.5R'3.523.4613.41i3.36:3.3 
Baltimore, h d . .  ..... ! 179 ........... .zzl . za  . arl .?I  .ai . ao .20 .~g: : 19' . ~ g !  . I :  
Bismarck, N. Dnk ..... 1,681 2.10 2.05 2.01 1.g~~1.g~~1.bg/1.86~1.8z.1.79~1.76~1.73,1.70'1.6 

53 ............ 

I 1  

...... 
Charleston, 8 .  C.. ... .I 52 I. .... I.. ......... .c6 '.c5 .06: .06' .os .os .os! .os' .os! .o: 

Cheyenne,%yo ...... 6, 105 . 7.13' 6.98' 6.~3'6.6716.5216.3716.22,6.0815. 5!5.83j5.72.5.62:5.5: 
Chicago,IlI ........... 1.05 1.02 1.00 .g8 .g5! .*' .gz; .g~. .&I .87: .86' .Qi.X: 
Charlotte N.C ....... I 773 ...... 
Chattanod a Tenn .. .94 .g2, .go .8g .87! .85' .83 .8z .So' .79. .71 

762 I.. .. .!:::I :: . 3 .91 .@' .88! .86! .84' .8z. .81 I .79 .78! .7; 

824 
! I I "  

Cincinnati, Ohio. .  .... 628 :. ... ,' .79 .77' .76l .74. .73' .71! . jd .a' .67i .66 .651 .6r 
Columbna,Ohio ..... 824 ! 1.05 1.02 1.00 .g8 .g6 .g.$ .ga' .91: .8g .87! .86 .84. .8; 
Concordia,Kans ..... : 1,410 . 1.77: 1.73' 1.701.66,r.63~1.601.57~1.54.1.51 1.481.451.4a1.35 

Cleveland Ohio ..... ;$ I .93. 
.gg 

.91. .8g' .87. .85 .83 .82' .80; .79' .77' .76/ .7: 

.97 .95, .93' .gii .89! .H7, .86 .84l .8z .81' .& Columbia,'Mo ....... 
' I  I , .  I ,  . .  I 

CorpusChristi,Tcx.j 20 ......................... .02 .02 .02. .m, . 0 2 .  .oa .02 .oi 
Dsvenport,Iown .... ~ 613 i .78, .77 .75 .73 .72! .70 , 6g  .68' .66, .65 .64 .63, .6i 
Denver,Colo ......... i 5,287 . 6.19' 6.07 5.95~5.835.71~5605.495.385.285.18.5.08.4.384.8i 
Des Moines, Iowa.. .. E@ . I .  11;  I. 08' 1.0; 1.04 1.02 I. 00' .g8 . .%: .92 .gr. .8g .8E 
Detroit,Micb ......... 724 I .gz, .go .88, .86; .85j .83: .81/ .$' .78, .77i .75, .74l .7? 
Dodgec i ty  Kana ....! 
Dnbu ue, iowa ...... I 
D u l u d ~  Minn. ....... 
Eastpo;t M e  ......... 
EI Pano,+ex ......... 

Galveston T e x . .  . ...I 
Grand Ha&, Mich..' 
Green Ray Wis. .  . ...I 
Harrishur' Pa. ' 
Hatteras, 9. c.::::::: 
Helenn Mont ........ 1 
Hannidal Mo ........ : 
Havre, Mbnt.. ........ 
Huron, R. Dak.. ...... 
Idaho Falls, Idaho .. 
Independence, Cat.. . 
Indiannpolis, Ind.. .. 
Jncksonville, Fla. .  .. 
Jupiter, Fla.. ........ 
Kansas City, Mo ..... 
Keoknk,  Iowa. ...... I 
Key West Fla ........ 
Kittyhawk N. C. . . . .  
Knoxville,'Tenn ...... 
La Croase, W i s . .  .... 
Lander, Wyo. .  ..... .: 
Litt le  Rock Ark.... .  
Loa Anneleb, CUI. ... .I 
~ o u i s r f i ~ e ,  K Y  .... ...I 
Lynchburg, Vu ....... ~ 

Mnrquette Mich .....: 
Mem hi s  )rem ....... 
Merl$ian~Miss. .  ..... 
Miles City, Mont... .  
Mllwaukoe, Win.. .... 
Motile, Ala .......... 
Mont ornery Ala....' 
Moorf ead, M;nn ..... 
Nantucket, M a s s  ..... ; 
Naaliville, Tenn. .... 

179 ...... 
492 
338 ,... ..... .... 

, I .  

42 I .......... ..........I .... I .os .os! .oq. .q .04i .q~ .q! .04 
628 I... . .i.. .. .: .77i .75, .74, .72; .71' .70; .a .e1 .66 .651 .64 
617 .80' .76 .76. .74' .73 .71. .70 .69: .67! .66. .65, .64 .63 
377 ;.....I .48, .47; a46 .451 .44! *43: .42, .42' .411 .40 .39. .39 

I 1  ................... .01: .OII . O I !  .01: .OI, .or .011 .01 .011 .OI 

I I I ' I I I i  

a8 ~. ....................... .! .03 .03. .03 .03 .03, .03' . o .03 

3,950 :. ... .I.. .. .I. ... .l4.41.4.33,4,2514. 1814. IO 4.03.3.97'3.90'3.84 3.78 
.05/ -05 .OS -65: .OS -05; .OS: .OS 

963 I ..... I 1.19 1 ~ 1 ~ 1 ~ 1 4 l ~ 1 2 ~ 1 ~ 1 0 , 1 ~ 0 8 , 1 ~ 0 6 , 1 ~ ~ 1 ~ 0 2 ~ 1 ~ 0 O ~  .98, .96 

766 I .g8 .q5 .%; .gz: .go .8g .87. .85, .83! .8z .80 .79/ .78 
43 ........................... 

I .  

990 ;..... 
5,377 6.14 6.03 5.92 5.82'5.72 5.62 553 5.44 5.35 5.2715.19 5.11 5.03 
302 .39 .3n .37 .36 .36 .3 .a .34 .33 .32 .32 .31 .30 
525 I .68 .67 .65 .64 .62 .61 .60 .5g .58 .571 .56 .55 .% 
685 ............... .83 .81 .79 .78, .76 .75 .74, .7z .71 .70 
330 I.. .. .I.. ................ -32 e37 e37 -36 .351 a35 .34 .34 

I 

. , , .  ' I '  ; I  

57 1 ..... :.....I..... I .q~ .q: .q: .07j .Of .06; *06, . O d  .06 
257 :. ......... .!. .... i .32; .31 .30: .30 .zg .a8' .as; .27 . w .26 
935 i 1.2; 1.171 1.14,1.1a~1.1o,1.~~1.~:1.oq.1.o2'1.00i . g ~  .+ .g5 
I4 ..... .I.. ............ . O I !  .OI! .OI i  .01: .01: .ox1 .OI 
545 :. .. ..I .6g1 .a: .Mi .65, .64 .62: .61. .60 ,* .g .57! .56 

.OI. .OI  

S e w  Haven, Corm. .. .I 
New London,Conn ... 1 
New Orleans, La.. .... 
HervYork, N. Y ...... ' 
Norfolk,Vn .......... i 
Nortlifield, Vt. ... .._I 
Piorth Plntte, Nebr.. 
Oklnhoma, Okln.. .... 
Omaha, Nebr ......... 
Oswego, N. Y... ..... .I 
Palestino Tox ........ 
Pnrkersdr& W.Va 1 ' 
~ e n s u c o ~ i i ,  F I ~  ..... ::i 
Phi Indelpliia, Pa.. .... 
Pierre, 9. Uak.. ...... 
Pit tabu rg, Pa.. ....... 
Port Angeles, Wnsh.. 
Port Huron, Micli ..... 
Portland, Me.. ....... 
Portland, Oreg.. ..... 

Itoseburg, Oreg.. ... .I 
Sncrnmento, Cnl.. ..... 
S t .  Louis, Mo ......... 
Y t. I'nul, .Minn.. ..... 
Yt. Vincent, Minn ....j 

- ' - + - I -  ] ! !  

............... 
I .  ..... I ..... I... 

..... j ...... .... 
1 ..... I ........ ............. 

-I-; 
..I :06, 

../ .q1 

..I . 13! .. 05, 

..! .22 

I... .. .....I.. ... .131 .131 .13' .131 .13: .121 . I Z '  . 12: .la' .IZ , I. 84: I. 81, I. 7711.73~1.70~1. Ui I.  63:1. 6011.571 I. %!I. 52'1.49; 1.46 

SnltLpkeCity,Utah..l 4-345 ;..... ~ ........... /4.l1~4.72~4.6~4.56~4.48,4.41~4.34'4.27'4.2o~.14 
3nndusky'Ohio ...... I 
3an Fran<isco, Cnl.. .' 
9an Antonio, l'ex.. .. 
ian Dicgo Cut. ...... 679 ;. ............ ./ .Sa' .80: .78, .771 .75 .74: .72 .71 

93 ..... I... . .i:. .... IO .IO . I  .IO, .Id . IO .IO   IO^ :IO' .IO 
629 ! ..81 .79' .77 .76! .741 .72 .71 701 .68 .67! .66 .6 I .6q 
153 i.. .. .!. ........ .! .18 .18, . IS;  .I71 1 7 ~  .I71 .16, .16/ .,itl . I S  

70 .@ 

hvannnh, Gn ......... +3: ................ I..::: . l z '  . I Z I  . I 1  . I I  1 1  . ] I '  .iI .IO' .IO 
3hreveport, La.. .... . I  249 I.. .. .I.. .. ./.. .; .: .so .so1 .2g. .a81 .28) :2A .27 .261 .a5 .q 

, I  

...... ......... 
...... 

l'oledo, Ohio ........ ....... 
' I  

L'ucson, Ariz.. 

ridentine, Nebr ....... 
i'icksburg, Miss.. .. ./ 
Wtrlln Wnlla, Wash 1,018 ........... 
iVichi tu, Kana. ...... ...... 

254 I.. 
iVabhington,D.C..::l 112: ..... 

..... 
.......... ... ... 

The accompanying table gives the reduction to sea level a t  
all the stations of the Weather Bureau, and the following ex- 
planation of the table is added. The formula which lies a t  
the basis of all theoretical reductions of barometer readings to 
sea level is that  of Laplace. It has been found, however, tha t  
in the case of individual observations there are serious error8 
introduced in  the application of the formula, aad these are 
due in part  to the fact that  the temperature a r g u m e n t t h a t  
is, the mean of the temperatures observed a t  the base and 
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summit of an isolated peak-is not the true temperature of 
the air column. I n  order to determine an  exact reduction 
for an individual station i t  is only necessary to arrange each 
difference in pressure between the summit and base according 
to the mean temperature between base and summit a t  the 
same time. Jn this way a table has been formed for the re- 
duction of observations a t  Mount Washington. (See Profes- 
sional Paper No. VI, p. 8.) The error of the theoretical re- 
ductions a t  Oo, a t  22.5 inches, is -0.36 inch, and a t  22.0 
inches i t  is - 0 . 2 3  inch. 

If all the high stations in  the country were situated like 
Mount Washington, with a station a t  sea level, or near the base, 
I t  would be an easy matter to determine a table of reduction 
for each station. I n  the western portion of the country, how- 
ever, the high stations are on an elevated plateau, and the 
above plan must be modified. We may say, in general, that 
any system which will enable us to draw isobars connecting 
the reduced values a t  elevated stations with those quite near 
sea level and west of the plateau region, may be considered 
fairly satisfactory as a first approximation. I n  the prac- 
tical working out  of this principle the plan adopted a t  Nount 
Washington was carried out. An approximate law of reduc- 
tion on the east and west sides of the plateau region was 

found, and when those were seen to be nearly the same they 
were united in a single formula which enabled the construc- 
tion of the table here given. After applying this table to 
make actual reductions i t  was found that  a few stations, owing 
to their greater or less isolation or to individual peculiarities, 
did not have perfectly satisfactory reductions. I n  those cases 
i t  was necessary to modify the temperature argument slightly 
to bring them in harmony with the rest. These stations at 
the present time are Baker City, Cheyenne, Denver, El Paso, 
Santa Fe, and Winnemucca. 

It was found that  in using the observed temperatdre for the 
reduction too much weight was given to existing conditions, 
as the atmosphere did not seem to respond immediately to 
temperature changes. By taking a mean of the observed tem- 
perature and that  a t  the previous observation a fairly satisfac- 
tory result could be had, and this is the adopted method. It 
has been found that  at times there are abnormal conditions of 
both temperature and pressure which throw out the reduction 
a t  a limited number of stations, but even in those cases the 
general reduction is satisfactory. Such conditions are more 
prevalent in Wyoming, Idaho, Montana, and in Canada to the 
north of the latter State. 

T H E  TOTAL QUAKTITY OF AQUEOUS VAPOR I N  T H E  ATMOSPHERE. 
By Prof. C. AIJIIE. 

The diminution of aqueous vapor in the atmosphere wit1 
altitude above sea level wan approximately detarmined b j  
Hann in 1874 (see the collection of translations entitled 
" Short Memoirs on Meteorolo~ical Subjects," Annual Report 
Smithsonian Institution, 1877, p. 376). Hann showed thal 
all observations on mountains or in balloons, then available 
to him, agree in giving a simple law of diminution of vapoi 
tension that  is empirical, but not contrary to what me knon 
of the laws of the diffusion of vapor. This law is 

-h P =1@i7 
P O  

where p and p o  are the vapor tensions at top and bottom oi 
an air column whose height in  meters is h. The constant 
6517 may vary with the temperature of the column, but ob- 
servations were not available for determining this fac t ;  Hann 
subsequently used 6500 as the constant instead of 6517, and 
this formula agrees within 1 per cent with the general aver- 
age of all available European observations. 

The total quantity of water present as vapor in a unit vol- 
ume of air at any height in  the atmosphere is given by intro- 
ducing the above equation into tho ordinary expression for 
the weight in  kilograms of the vapor in  a cubic meter of air, 
which therefore becomes 

where a is the coefficient of expansion, and t tho temperature 
of the air in centigrade degrees. 

This value for (I may be introduced into the differential 
equation for the quantity of vapor in a column of air reach- 
ing from sea level 111) to the altitude h;, the average tempera- 
ture of the whole colunin t' is assumed to be the average of 
the temperatures to at the bottom and t,  a t  the top of the col- 
umn. The weight of vapor in  kilograms in  the whole column 
of 1 square meter section is expressed by- 

Q= o:ooLo582po 2830 
1 +ut' 

Tables in  English measures based on the above formulm 

were prepared in 1884 for an unpublished fourth edition of 
the Signal Ofice circular " How to Use Weather Maps," and 
were also given in a condensed form on pages 409 and 410 of 
the Smithsonian Report for 1888; in response to several in- 
quiries they are now reproduced herewith (see Table 1 for 
p and Table 2 for Q). 

TAMX 1.-Normal distribution of aqueous 
vapor for various altitudes above the 
earth's surface. 

Actunl weight in grain8 per 
cubic foot at any elovation 
for a givoo dow-point at the 
surfaoe. 

- 
600. 
. . .- 

Qroins, 
5.76 
4.64 
3.74 
3.02 
2.44 
1 .96  
1.58 
I. 27 
1.03 
0.83 
0.67 
0.54 
0.43 

- 
5-30. 

Qrains 
4 . 9  
3.30 
2.66 
2. I4 
1.73 
1.39 

0. go 
0.73 
0.59 
0.47 
0.38 
0.31 
0. 25 
0.10 
0. IG 

- 

1.12 

- 
The total quantity of vapor in  the atmosphere may also be 

sxpressed by tho depth it would occupy if all precipitated as 
rain, as in  the following paragraphs (for pr6cision the equiv- 
d e n t  water is supposed to have the temperature of 39.2O, 
which is that  of the standard maximum density of water) : 

For a vertical column of 1 square meter section, Q ex- 
pressed in kilograms is equivalent to Q millimeters of .rain- 
€all at 39.2O for that  same horizontal square meter. 

For a vertical column of one square foot section, Q ex- ' inches * of rainfell 3G416.54 pressed in grains is equivalent to 
it 39.2O for that  same square foot. 


